Accidental drug overdose continues to be a substantial cause of mortality for drug users. Characteristics of the neighborhood built environment may be important determinants of the likelihood of drug overdose mortality independent of individual-level factors. Using data from the New York City Office of the Chief Medical Examiner, we conducted a multilevel case control study using data on accidental overdose deaths as cases and non-overdose accidental deaths as controls. We used archival data from the New York City Housing and Vacancy Survey and the Mayor's Office of Operations to assess characteristics of neighborhood external (e.g. dilapidation of buildings) and internal (e.g. quality of utilities in houses) built environment. Multilevel analyses were used to assess the relations between the neighborhood built environment and the likelihood of overdose death. Six out of the eight characteristics of the external environment studied and three out of the six characteristics of the internal environment studied were significantly associated with the likelihood of fatal drug overdose in multilevel models after adjusting for individuallevel (age, race, sex) and neighborhood-level (income, drug use) variables. Deterioration of the built environment, particularly the external environment, is associated with an increased likelihood of fatal accidental drug overdose. Disinvestment in social resources, psychosocial stressors, neighborhood differences in response to a witnessed overdose, and differences in vulnerability to the adverse consequences of drug use in different neighborhoods may explain the observed associations. r
Introduction
Despite decades of research and prevention efforts, drug use remains a primary source of morbidity and mortality in the US. According to the 2001 National Household Survey on Drug Abuse, 15.9 million or 7.1% of Americans were current users of illicit drugs in 2001 (National Household Survey of Drug Abuse, 2001) compared to 6.3% in 2000 (National Household Survey of Drug Abuse, 2000) . Habitual drug users have an increased risk of morbidity and mortality and decreased life expectancy compared to non-drug users (McGinnis and Foege, 1999) . Accidental drug overdose is a substantial cause of both morbidity and mortality among drug users (Joe and Simpson, 1987; Helpern, 1972; Cherubin et al., 1972; Bargagli et al., 2001; Oppenheimer et al., 1994; Hickman et al., 2003; Tyndall et al., 2001) .
Several individual characteristics that are associated with drug use behavior have been identified, including for example, genetic susceptibility (Brown, 2002) , parental drug use, low parental verbal reasoning skills, and childhood hyperactivity (Kaplow et al., 2002) .
However, much of the interpersonal variability in drug use and drug use risk behavior remains poorly understood . Recent work suggests that the traditional research focus on individual characteristics and behavior may be insufficient to fully account for inter-personal variability in drug use behavior and to allow for the development of interventions that can effectively curtail drug-related morbidity and mortality (Schmidt and McCarty, 2000) .
Several researchers have noted that contextual influences affect the rate and severity of drug abuse within certain groups. Early work by Zinberg (1972) showed that soldiers had different levels of drug use depending upon location; most soldiers stationed in Vietnam had markedly decreased levels of addiction upon returning to the US. Boardman et al. (2001) hypothesized that stressful life events experienced by persons living in impoverished areas may be associated with abuse of drugs as a coping mechanism. Fitzpatrick and Gerard (1993) noted that community norms have an impact on drug use behaviors. Some work has also shown that drug overdose rates may be influenced by elements of the user's environment. Darke and Zador (1996) noted that contextual characteristics like the location of drug use activity, the presence of others, and the likelihood of others to call for help may affect rates of drug overdose. Marzuk et al. (1997) showed that poverty status accounted for 69% of the variance in fatal overdose rates between NYC neighborhoods. Galea et al. (2003) found an increase in rates of fatal accidental drug overdose among persons living in neighborhoods with high levels of income inequality.
Recently, there has been a growing interest in the built environment and its association with health (Krieger and Higgins, 2002; Handy et al., 2002; Cohen et al., 2003) . For example, Weich et al. (2002) demonstrated higher levels of resident depression in areas that had less desirable built environments. Cohen et al. (2000) found that the prevalence of gonorrhea infection was higher in neighborhoods with deteriorating built environments in a study of New Orleans neighborhoods. However, the empiric relations between the built environment and substance use, overdose, and overdose death have seldom been investigated. Recent work has shown that characteristics of the built environment like liquor store distribution are disproportionately found in poor neighborhoods and are associated with higher levels of drug abuse (Donovan et al., 2002; LaVeist and Wallace, 2000; Weitzman et al., 2003) . In light of the potential role of characteristics of the neighborhood environment as determinants of health and behavior, and in particular, of substance use and its consequences, we were interested in assessing the relation between characteristics of the built environment and the likelihood of drug overdose death. A priori we were interested in two different facets of the neighborhood built environment-the external (e.g. dilapidated buildings) and the internal (e.g. quality of utilities in houses) built environment.
Methods
All cases of fatal accidents occurring in adults aged 15-64 in NYC during 1996 were identified through manual review of medical files at the Office of the Chief Medical Examiner of New York (OCME). The OCME is responsible for assessing all deaths of persons believed to have died in an unnatural manner in NYC. Thus, all accidental deaths due to overdose and all accidental non-overdose deaths in NYC would have been reviewed by the OCME and included in this sample. The OCME investigators use the decedent's medical history, the circumstances and environment of the fatality (e.g., was the decedent found in a ''shooting gallery''?), autopsy findings, and laboratory data to attribute cause of death and other criteria to each case reviewed. Deaths caused by accidental drug overdoses were considered cases in these analyses and deaths due to other accidents were considered controls. Non-overdose accidental deaths included in these analyses were poisoning, asphyxiation, drowning, firearm deaths, stabbing, electrocutions, blunt trauma, crushing, falls, vehicular accidents, burns, explosions, environmental exposures, and other accidents. Deaths caused by human intent are not considered accidents by the OCME and were not included in these analyses. Data regarding age, gender, race/ ethnicity, and residence were collected for all decedents from the OCME files.
NYC is divided into 59 residential community districts (CDs) by the Office of City Planning. These CDs delineate meaningful neighborhoods within NYC (Messner and Tardiff, 1986; Marzuk et al., 1997; Suecoff et al., 1999; Galea et al., 2003) and were used as neighborhood units in these analyses. These CDs will be referred to as neighborhoods hereafter. All cases and controls were geocoded to their neighborhood of residence. Decedents who resided outside NYC, did not have residential information or were classified as homeless were excluded from this analysis (there were no demographic differences between those included vs. excluded). We used 2000 US Census data to obtain median income in each neighborhood. All autopsied OCME cases undergo toxicological screening. We used proportion of accidental non-overdose decedents who were positive for any illegal drug other than marijuana to represent the level of drug use in a neighborhood (Galea et al., 2003) .
Information on the structural characteristics of each neighborhood was collected from the 1999 New York City Housing and Vacancy Survey (NYCHVS) (US Census Bureau, 1999) In 1999, about 15,500 occupied housing units were included in the NYCHVS; only occupied housing units were considered in these analyses in order to allow for comparison between the role of characteristics of the external and internal built environment. The median number of housing units sampled per neighborhood was 245 with a range of 187-702. The sub-borough areas used in the survey are the same as NYC neighborhoods in all but two areas in the Bronx and two in Manhattan, in which two neighborhoods were combined into one sub-borough. In these cases, the neighborhoods in question were assigned identical values from the corresponding sub-borough in our analyses.
The Mayor's Office of Operations compiles data from a number of New York City agencies including the New York City Fire Department and the Department of Sanitation, in the biannual Mayor's Management Report. Information from the fiscal year 2002 report, including data for each NYC neighborhood, was collected from the interactive 'My Neighborhood Statistics' feature on the Mayor's Management Report website and used in this analysis. This was mapped directly to neighborhoods so that no data manipulation was needed for our analyses.
Characteristics of the external and internal built environment used in these analyses are as described below.
External built environment
Percent of buildings observed to be in dilapidated condition
Percentage of buildings within each neighborhood that displayed one or more critical defects such as major open holes in the outside walls, or a number of intermediate defects, like missing stair railings, or poor original construction and thus incapable of providing safe and adequate shelter for occupants. This information was obtained from the NYCHVS.
Percent of buildings observed to be in deteriorating condition
Percentage of buildings within a neighborhood that displayed a lack of proper upkeep that could not be corrected by normal maintenance, demonstrated through one or more intermediate defects like rotted or loose window frames or broken or missing stair railings. This information was obtained from the NYCHVS.
Percent of buildings with any exterior wall problems
Percentage of buildings within a neighborhood that displayed one or more of the following characteristics: missing bricks, siding, or outside wall material, sloping or bulging outside walls, or major cracks in outside walls. This information was obtained from the NYCHVS.
Percent of buildings with any window problems
Percentage of buildings within a neighborhood that displayed one or more of the following characteristics: broken or missing windows, rotted or loose window frames or sashes, or boarded-up windows. This information was obtained from the NYCHVS.
Percent of buildings with any exterior or interior stairway problems
Percentage of buildings within a neighborhood that was determined to have one or more of the following characteristics: loose, broken or missing stair railways, or loose, broken, or missing steps. This information was obtained from the NYCHVS.
Number of buildings experiencing structural fires
Number of fire emergency incidents in each neighborhood to which the New York City Fire Department responded that were classified as structural fires, or fires that have spread throughout the structure of a building (in concealed spaces, between walls, along the roof, or outside of the building). This value does not include nonstructural fires (confined to the contents of a building, or outside, etc.), non-fire emergencies, medical emergencies, and malicious fire alarms. This information was obtained from the New York City Fire Department through the Mayor's Office of Operations.
Percent of acceptably clean streets and sidewalks
Percentage of streets and sidewalks in each neighborhood that met an acceptable standard of cleanliness based upon a seven point picture-based rating scale designed to reflect the public perception of acceptable cleanliness levels. This value is an annual average of twice monthly ratings of the city-wide street sample. This information was obtained from the Department of Sanitation from the Mayor's Office of Operations.
Internal built environment

Percent of housing units experiencing toilet breakdowns
Percentage of housing units within a neighborhood in which respondents experienced a time in the last three months in which all the toilets in the unit were not
ARTICLE IN PRESS
working for six consecutive hours. This information was obtained from the NYCHVS.
Percent of housing units with some non-functioning kitchen facilities
Percentage of housing units within a neighborhood in which respondents reported having one or more kitchen facilities that were not working at all. This information was obtained from the NYCHVS.
Percent of housing units experiencing more than three heat breakdowns in winter
Percentage of housing units within a neighborhood in which respondents experienced more than three breakdowns in heating equipment during the winter prior to the interview, during which time, heating equipment was completely unusable for six consecutive hours or longer. This information was obtained from the NYCHVS.
Percent housing units needing additional heat in winter
Percentage of housing units within a neighborhood in which respondents reported using additional sources of heat during the winter prior to the interview. Additional sources of heat included the kitchen stove, a fireplace, or a portable heater used at any time during the winter prior to the interview to supplement the regular system, because the regular system, though functioning, did not provide enough heat. This information was obtained from the NYCHVS.
Percent housing units with large area peeling plaster or paint
Percentage of housing units within a neighborhood that displayed an area of broken plaster or peeling paint on the interior ceiling or walls of larger than 8.5 by 11 in. This information was obtained from the NYCHVS.
Percent housing units with water leakage inside
Percentage of housing units within a neighborhood in which respondents reported experienced any water leaking into the unit in the last 12 months, not including leaks that resulted from the unit's own plumbing fixtures backing up or overflowing. This information was obtained from the NYCHVS.
Statistical analysis
We described the overdose and accident death rates by neighborhood and used chi-square tests and t-tests as appropriate to test for differences between demographic factors in cases and controls. Crude mortality rates were calculated for each neighborhood as the number of fatal drug overdoses and the number of fatal accidents per 100,000 residents per neighborhood using 2000 US Census population estimates of the neighborhood populations (US Census Bureau, 2000) . We assessed the ecologic association between each characteristic of the neighborhood environment, overdose, and accident mortality rates using parametric and non-parametric models to describe best-fit statistical models. We constructed multilevel hierarchical models that assessed the relation between each characteristic of the built environment and the likelihood of overdose death. We used separate multilevel models for each characteristic of the built environment (total 14 unadjusted and 14 adjusted models). In an attempt to avoid possible confounding, neighborhood level of drug use (obtained from OCME files), median neighborhood income in 2000 (obtained from the US Census) and demographic characteristics of decedents (age, gender, race and ethnicity obtained from OCME reports) were controlled for in the final analyses. Table 1 presents baseline demographics of the study sample. There were 725 accidental drug overdose deaths and 453 non-overdose accidental deaths reported in OCME files from 1996. Decedents included in the sample were between the ages of 15 and 64. Forty-three percent (43%) of deaths due to accidental overdose were among those between the ages of 35 and 44 compared with 21.2% in the accidental non-overdose decedents. Accidental overdose decedents and accidental nonoverdose decedents both were predominantly men (76.3% and 78.8%, respectively). Accidental overdose decedents were 32.1% White, 37.2% Black, and 29.7% Hispanic; accidental non-overdose decedents were 29.8% White, 33.5% Black, and 28.5% Hispanic. Median neighborhood income was $34,785 dollars for accidental overdose decedents and $36,997 for accidental non-overdose decedents.
Results
We assessed the ecologic associations between each characteristic of the external and internal built environments and neighborhood overdose and accident mortality rates. For the purpose of illustration we included two graphs of the associations between mortality rates and two selected characteristics of the external and internal environment. Fig. 1 demonstrates the association between the percent of buildings in the neighborhood with any window problems (a characteristic of the external built environment), and death due to overdose or accident per 100,000 person-years. The figure shows best-fit nonparametric spline models demonstrating that while both the overdose and accident death rates increase as the percent of buildings in their area of residence with any window problems increases, the rate of increase is greater for accidental drug overdose death than for accidental non-overdose death. Fig. 2 demonstrates the association between the percent of occupied housing units in the neighborhood needing additional heating during winter (a characteristic of the internal built environment), and rate of death due to overdose or accident per 100,000 person-years. The figure shows that while both the overdose and accident death rates increase as the percent of occupied housing units needing additional heating during winter increases, the rate of increase is greater for accidental drug overdose than for accidental non-overdose death. Table 2 shows the bivariate and the multivariate relations between neighborhood level characteristics and likelihood of drug overdose death. In separate multilevel logistic regression analyses adjusting for neighborhood drug use, median household income, and demographics, the characteristics of the external built environment that were significantly associated with a higher likelihood of drug overdose death were percent of buildings found to be in dilapidated conditions (po:001), percent of buildings with any window problems (p ¼ 0:04), percent of buildings with any exterior or interior stairway problems (p ¼ 0:004), percent of buildings observed to be in deteriorating condition (p ¼ 0:05), number of structural fires (p ¼ 0:01), and percent of acceptably clean streets (p ¼ 0:04). Of the characteristics of the internal built environment, percent of housing units experiencing toilet breakdowns (p ¼ 0:03), percent of housing units needing additional heating in winter (po0:001) and percent of housing units with large areas of peeling plaster or paint (p ¼ 0:04) were significantly associated with a higher likelihood of drug overdose death in separate multilevel multivariate models.
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Discussion
We demonstrated an association between characteristics of the neighborhood built environment and the likelihood of accidental drug overdose death in NYC neighborhoods in models controlling for individual-level (age, race, sex) and neighborhood-level (income, drug use) variables. Drug overdose was a more likely cause of accidental death in neighborhoods with a deteriorating external environment than in neighborhoods where the external built environment was not deteriorating; this association was robust over six out of eight characteristics of the external built environment. This relation was also present between three of the six characteristics of the internal built environment studied and the likelihood of accidental drug overdose death.
The results of this study are consistent with work that has demonstrated associations between the deterioration of the built environment and poor health outcomes. For example, Cohen et al. (2000 Cohen et al. ( , 2003 demonstrated that residents in neighborhoods with more boarded-up housing were more likely to have gonorrheal infections, all-cause premature mortality, and premature mortality due to malignant neoplasm, diabetes, homicide and suicide after controlling for individual level factors. Cummins and Jackson (2001) have suggested that the increase of obesity in American children is secondary to fewer opportunities for exercise just as the rise in asthma rates are a result of escalating levels of environmental air pollutants, both of which may relate to aspects of the built environment. Wallace and Wallace (1988) demonstrated a relation, through mathematical modeling, between the deterioration of infrastructure in NYC as a whole and the rise in drug abuse within the Bronx.
There are a number of factors associated with neighborhood deterioration that probably influence the likelihood of drug overdose mortality and, as such, a number of hypotheses may explain the observed association between characteristics of the built environment and likelihood of drug overdose. First, it is possible that the deteriorating built environment is a proxy for a lack of empowerment and collective efficacy ARTICLE IN PRESS Fig. 1 . Best-fit spline models demonstrating the association between a characteristic of the external built environment (the percent of buildings with any window problem), and death due to overdose or accident per 100,000 person-years in New York City Community Districts. Fig. 2 . Best-fit spline model demonstrating the association between a characteristic of the internal built environment (the percent of housing units needing additional heat in winter), and death due to overdose or accident per 100,000 person-years in New York City Community Districts. a Separate models for each of the characteristics of the external and the internal built environment; total 14 unadjusted and 14 adjusted models.
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in urban neighborhoods. Sampson et al. (1997) noted that neighborhood collective efficacy can shape the built environment as neighborhoods with high collective efficacy can better extract resources and respond to reductions in public services (such as police patrols, fire stations, garbage collection, and housing code enforcement) and monitor activity like spray-painting of graffiti on local buildings. Therefore, neighborhoods with positive built environments may have higher collective efficacy which in turn can be associated with less drug use behavior or safer drug using practices. Consistent with this hypothesis, Longshore et al. (1996) found that among black and Latino injection drug users, higher levels of perceived group efficacy resulted in the adoption of healthier behavior associated with their drug use. Second, living in a deteriorating built environment can lead to different patterns of drug use behavior. Psychological distress in residents in neighborhoods with deteriorating built environment may encourage greater risk taking and more dangerous drug abuse behavior. Weich et al. (2002) found that persons living in a neighborhood with external markers of deterioration (such as abundant graffiti and structural housing problems) had a greater likelihood of depression. Perdue et al. (2003) demonstrated that injection drug users who were depressed were more likely to engage in risky injection practices. Thus drug users in neighborhoods with deteriorating external environments may be more likely to engage in risky drug use practices which may predispose them to a higher likelihood of overdose and potential accidental drug overdose mortality.
Third, it is possible that the relation between a deteriorating built environment and overdose death could be explained by different behaviors of persons who witness overdoses in neighborhoods characterized by different physical conditions. Zador et al. (1996) found that in fatal overdose cases, an ambulance was called only 10% of the time while the person who had overdosed was still alive. As previously noted, residence in a deteriorating built environment has been associated with decreased levels of collective efficacy (Sampson et al., 1997) . Collective efficacy encompasses willingness of neighbors to intervene if they witness deviant behavior. It is plausible then that residents of neighborhoods with low collective efficacy may also be less likely to intervene if they witness someone overdose, either in terms of offering first aid or activating the emergency medical system. It also is worth noting the markedly higher prevalence of incarceration among persons living in disadvantaged urban communities which are also typically neighborhoods with a deteriorating built environment (Freudenberg, 2001) . It is possible that fear of incarceration (i.e., if police arrive on the scene after the emergency medical system is activated) among those in disadvantaged communities may contribute to a lower likelihood of activating the emergency medical system and a greater likelihood of fatal overdose in these neighborhoods.
Fourth, persons living in areas with deteriorating built environments may have worse baseline health than those living in better neighborhoods. Studies have documented poorer health in neighborhoods with poorer built environments (Krieger and Higgins, 2002; Cohen et al., 2003) . It is possible that residents of neighborhoods with deteriorating physical characteristics are more vulnerable to fatal overdose in conjunction with drug use.
We assessed differences between the role of the external physical built environment and the internal built environment by individually testing several characteristics of each. We found that characteristics of a deteriorating external built environment were more consistently associated with greater likelihood of accidental fatal drug overdose than were characteristics of the internal built environment. The majority of the published peer-reviewed literature about the relation between the built environment and health has focused upon characteristics of the external built environment (Cohen et al., 2003; Weich et al., 2002) . Many of our hypothesized explanations would predict a strong relation between the external built environment and drug overdose. Collective efficacy is more likely to affect shared neighborhood spaces, which are mostly external. Unwillingness to call for help, which is related to collective efficacy, is more likely to be associated with external characteristics of deterioration. Both internal and external characteristics may be responsible for increased levels of psychological distress in residents of deteriorating environments. As few researchers have compared the role of the external and the internal built environment, we cannot be sure that one has not served as a proxy for the other in previous studies. Clearly the association between the built environment and drug overdose is complicated. We suggest that further research is indicated to clarify which characteristics of the built environment may be associated with specific morbidities and risk behaviors, including drug use and its consequences.
There were a number of limitations in this study. We were limited by the cross-sectional study design. Although drug overdose is plausibly affected by recent neighborhood conditions, we did not have information on how long decedents had lived in their neighborhoods or how their neighborhoods had changed while they were living there. Our analysis made use of existing data and as such we were limited by the years in which the studies utilized were conducted. Our outcome data was obtained in 1996 while our data on the state of the built environment was from 1999 and 2001. Neighborhoods do not change quickly (Geronimus et al., 1999) , thus we expect our data, collected in the same five year period, to be a reasonable approximation of a cross-sectional data set. Accident decedents have been shown to have a higher rate of drug use than the general population (Bastos and Galante, 1976) and it is plausible that our control group has a higher rate of drug use than the general population. This may introduce a bias toward the null, and, as such, our documentation of a relation between characteristics of the built environment and likelihood of overdose suggests that our results may be an underestimate of the true relation between characteristics of the neighborhood built environment and drug overdose death. Although we adjusted for individual age, race and gender, data on individual socioeconomic status was not available; individual socioeconomic status may be associated with neighborhood characteristics and risk of overdose death, so this omission may lead to an overestimate of the neighborhood effects. It is also possible that OCME determination of cause of death was influenced by knowledge of neighborhood where the overdose occurred. A systematic bias in OCME reporting whereby deaths in neighborhoods with deteriorating built environment are more likely to be attributed to accidental drug overdose may result in a bias away from the null. Ultimately, although we controlled for neighborhood drug use, we had no information on the amount of drug used by individuals in this study. We also note that these observations, based on fatal accidental drug overdoses, cannot be generalized to non-fatal overdoses. With respect to our assessment of the built environment, we included only assessments about the external and internal characteristics of occupied housing units to allow for comparison between the two features of the built environment. Given that the external characteristics of vacant properties are likely to be worse than those of occupied properties, it is likely that we present here a conservative assessment of the relation between features of the external built environment and the risk of overdose.
Notwithstanding these limitations, this study showed that characteristics of the built environment are associated with likelihood of fatal accidental drug overdose independent of individual-level and other neighborhood-level factors. Further work is needed in order to understand the mechanism that explains the observed relations between the built environment and risk of fatal drug overdose. This study adds to the growing literature which suggests the importance of the built environment in shaping health and behavior. The rapid pace of urbanization globally (Vlahov and Galea, 2002) , and the potential role that the built environment may play in shaping health and behavior (Northridge and Sclar, 2003) , call for increased collaboration between urban planning and public health professionals in order to identify how the health of those living in deteriorating urban built environments can be improved.
